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                    Abstract
The distribution of Atlantic cod (Gadus morhua) in northern Norwegian waters is expanding eastward and northward in the Barents Sea and along western Svalbard. In the Arctic fjords of Svalbard, cod has become abundant, but little is known about the biology, origin, or residence patterns of these populations. To address this issue, we used laser ablation inductively coupled plasma mass spectrometry to quantify the trace elemental composition of cod otoliths at age-0, age-3 and the year of spawning at five distinct locations in northern Norway and western Svalbard. Chemical composition data was used to identify natal sources of cod, their broad-scale migration patterns, and to determine if cod are currently resident in Arctic fjords. Our results suggest that cod collected at Kongsfjord, Isfjord, outside Svalbard, Lofoten, and Porsangerfjord were recruited mainly from the Barents Sea, conforming to the Northeast Arctic cod ecotype. The degree of chemical overlap between Porsangerfjord and Isfjord cod, however, varied with fish age, suggesting individual movements consistent with the Norwegian coastal cod ecotype. Finally, the chemical composition of mature fish at Isfjord, and to a lesser extent Kongsfjord, suggests that cod from the Barents Sea might have recently established residency in these two Arctic fjords.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]copyright 2019 Google, Image Landsat Copernicus) and ocean currents and polar front from BarentsWatch (www.barentswatch.no)



Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Otolith chemical composition suggests local populations of Antarctic silverfish Pleuragramma antarctica (Boulenger, 1902) around Antarctica are exposed to similar environmental conditions at early life stages
                                        
                                    

                                    
                                        Article
                                        
                                         19 August 2021
                                    

                                

                                Antonio Di Franco, Antonio Calò, … Paolo Guidetti

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Spatial segregation, dispersion and migration in early stages of polar cod Boreogadus saida revealed by otolith chemistry
                                        
                                    

                                    
                                        Article
                                        
                                         13 February 2015
                                    

                                

                                Caroline Bouchard, Simon R. Thorrold & Louis Fortier

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Combining otolith elemental signatures with multivariate analytical models to verify the migratory pattern of Japanese Spanish mackerel (Scomberomorus niphonius) in the southern Yellow Sea
                                        
                                    

                                    
                                        Article
                                        
                                         01 December 2020
                                    

                                

                                Xindong Pan, Zhenjiang Ye, … Yongjun Tian

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Beaugrand G, Goberville E, Luczak C, Kirby RR (2014) Marine biological shifts and climate. Proc R Soc Lond 281:20133350. https://doi.org/10.1098/rspb.2013.3350

Article 
    
                    Google Scholar 
                

	Berge J, Johnsen G, Nilsen F, Gulliksen B, Slagstad D (2005) Ocean temperature oscillations enable reappearance of blue mussels Mytilus edulis in Svalbard after a 1000 year absence. Mar Ecol Prog Ser 303:167–175. https://doi.org/10.3354/meps303167

Article 
    
                    Google Scholar 
                

	Berge J, Heggland K, Lønne OJ, Cottier F, Hop H, Gabrielsen GW, Nøttestad L, Misund OA (2015) First records of Atlantic mackerel (Scomber scombrus) from the Svalbard Archipelago, Norway, with possible explanations for the extension of its distribution. Arctic 68:54–61
Article 
    
                    Google Scholar 
                

	Bergstad OA, Jørgensen T, Dragesund O (1987) Life history and ecology of the gadoid resources of the Barents Sea. Fish Res 5:119–161. https://doi.org/10.1016/0165-7836(87)90037-3

Article 
    
                    Google Scholar 
                

	Bergstad OA, Johannesen E, Høines Å, Ellingsen KE, Lien VS, Byrkjedal I, Yoccoz NG, Tveraa T, Wienerroither R, Langhelle G, de Lange WT (2017) Demersal fish assemblages in the boreo-Arctic shelf waters around Svalbard during the warm period 2007–2014. Polar Biol 41:125–142. https://doi.org/10.1007/s00300-017-2176-2

Article 
    
                    Google Scholar 
                

	Blacker RW (1957) Benthic animals as indicators of hydrographic conditions and climatic change in Svalbard waters. Fish Investig Ser 2(20):1–49

                    Google Scholar 
                

	Blacker R (1965) Recent changes in the benthos of the West Spitsbergen fishing grounds. Int Comm Northwest Atl Fish 6:791–794

                    Google Scholar 
                

	Brand M, Fischer P (2016) Species composition and abundance of the shallow water fish community of Kongsfjord, Svalbard. Polar Biol 39:2155–2167. https://doi.org/10.1007/s00300-016-2022-y

Article 
    
                    Google Scholar 
                

	Brander KM (2010) Cod Gadus morhua and climate change: processes, productivity and prediction. J Fish Biol 77:1899–1911. https://doi.org/10.1111/j.1095-8649.2010.02782.x

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brown EJ, Reis-Santos P, Gillanders BM, Støttrup JG (2019) Juvenile fish habitat across the inner Danish waters: using otolith chemistry to discriminate between hybridising con-familials and contiguous, coastal habitat. Estuar Coast Shelf Sci 220:111–119. https://doi.org/10.1016/j.ecss.2019.02.025

Article 
    CAS 
    
                    Google Scholar 
                

	Campana SE, Thorrold SR (2001) Otoliths, increments, and elements: keys to a comprehensive understanding of fish populations? Can J Fish Aquat Sci 58:30–38
Article 
    
                    Google Scholar 
                

	Campana SE, Fowler AJ, Jones CM (1994) Otolith elemental fingerprinting for stock identification of Atlantic cod (Gadus morhua) using laser ablation ICPMS. Can J Fish Aquat Sci 51:1942–1950. https://doi.org/10.1139/f94-196

Article 
    
                    Google Scholar 
                

	Carroll ML, Carroll J (2003) The Arctic seas. In: Black KD, Shimmield GB (eds) Biogeochemistry of marine systems. Blackwell Publishing, Oxford

                    Google Scholar 
                

	Chang M-Y, Geffen AJ (2013) Taxonomic and geographic influences on fish otolith microchemistry. Fish Fish 14:458–492. https://doi.org/10.1111/j.1467-2979.2012.00482.x

Article 
    
                    Google Scholar 
                

	Cieszyńska A, Stramska M (2018) Climate-related trends and meteorological conditions in the Porsanger fjord, Norway. Oceanologia 60:344–366. https://doi.org/10.1016/j.oceano.2018.01.003

Article 
    
                    Google Scholar 
                

	Clarke K, Warwick R (2001) Change in marine communities: an approach to statistical analysis and interpretation. Primer-E Ltd, Plymouth

                    Google Scholar 
                

	Cottier FR, Nilsen F, Inall ME, Gerland S, Tverberg V, Svendsen H (2007) Wintertime warming of an Arctic shelf in response to large-scale atmospheric circulation. Geophys Res Lett. https://doi.org/10.1029/2007GL029948

Article 
    
                    Google Scholar 
                

	Dahle G, Quintela M, Johansen T, Westgaard JI, Besnier F, Aglen A, Jorstad KE, Glover KA (2018) Analysis of coastal cod (Gadus morhua l.) sampled on spawning sites reveals a genetic gradient throughout Norway's coastline. BMC Genet 19:17. https://doi.org/10.1186/s12863-018-0625-8

Article 
    
                    Google Scholar 
                

	Drinkwater KF (1930s) The regime shift of the 1920s and 1930s in the North Atlantic. Prog Oceanogr 68:134–151. https://doi.org/10.1016/j.pocean.2006.02.011

Article 
    
                    Google Scholar 
                

	Eilertsen HC, Skarðhamar J (2006) Temperatures of north Norwegian fjords and coastal waters: variability, significance of local processes and air–sea heat exchange. Estuar Coast Shelf Sci 67:530–538. https://doi.org/10.1016/j.ecss.2005.12.006

Article 
    
                    Google Scholar 
                

	Fall J, Ciannelli L, Skaret G, Johannesen E (2018) Seasonal dynamics of spatial distributions and overlap between Northeast Arctic cod (Gadus morhua) and capelin (Mallotus villosus) in the Barents Sea. PLoS ONE 13:e0205921. https://doi.org/10.1371/journal.pone.0205921

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Falk-Petersen S, Pavlov V, Berge J, Cottier F, Kovacs KM, Lydersen C (2015) At the rainbow’s end: high productivity fueled by winter upwelling along an Arctic shelf. Polar Biol 38:5–11. https://doi.org/10.1007/s00300-014-1482-1

Article 
    
                    Google Scholar 
                

	Färber L, Durant JM, Vindenes Y, Langangen Ø (2018) Increased early offspring growth can offset the costs of long-distance spawning migration in fish. Mar Ecol Prog Ser 600:141–150. https://doi.org/10.3354/meps12662

Article 
    
                    Google Scholar 
                

	Fevolden SE, Pogson GH (1997) Genetic divergence at the synaptophysin (Syp I) locus among Norwegian coastal and north-east Arctic populations of Atlantic cod. J Fish Biol 51:895–908. https://doi.org/10.1111/j.1095-8649.1997.tb01529.x

Article 
    CAS 
    
                    Google Scholar 
                

	Fossheim M, Primicerio R, Johannesen E, Ingvaldsen RB, Aschan MM, Dolgov AV (2015) Recent warming leads to a rapid borealization of fish communities in the Arctic. Nat Clim Change 5:673. https://doi.org/10.1038/nclimate2647

Article 
    
                    Google Scholar 
                

	Fuhrmann MM, Pedersen T, Ramasco V, Nilssen EM (2015) Macrobenthic biomass and production in a heterogenic subarctic fjord after invasion by the red king crab. J Sea Res 106:1–13. https://doi.org/10.1016/j.seares.2015.09.003

Article 
    
                    Google Scholar 
                

	Gillikin DP, Bouillon S (2007) Determination of δ18o of water and δ13c of dissolved inorganic carbon using a simple modification of an elemental analyser-isotope ratio mass spectrometer: an evaluation. Rapid Commun Mass Spectrom 21:1475–1478. https://doi.org/10.1002/rcm.2968

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gluchowska M, Kwasniewski S, Prominska A, Olszewska A, Goszczko I, Falk-Petersen S, Hop H, Weslawski JM (2016) Zooplankton in Svalbard fjords on the Atlantic-Arctic boundary. Polar Biol 39:1785–1802. https://doi.org/10.1007/s0030

Article 
    
                    Google Scholar 
                

	Günther D, Heinrich CA (1999) Enhanced sensitivity in laser ablation-ICP mass spectrometry using helium-argon mixtures as aerosol carrier. J Anal Atomic Spectrom 14:1363–1368. https://doi.org/10.1039/A901648A

Article 
    
                    Google Scholar 
                

	Hjermann DØ, Bogstad B, Eikeset AM, Ottersen G, Gjøsæter H, Stenseth NC (2007) Food web dynamics affect Northeast Arctic cod recruitment. Proc R Soc Lond 274:661–669. https://doi.org/10.1098/rspb.2006.0069

Article 
    
                    Google Scholar 
                

	Höffle H, Solemdal P, Korsbrekke K, Johannessen M, Bakkeplass K, Kjesbu OS (2014) Variability of northeast arctic cod (Gadus morhua) distribution on the main spawning grounds in relation to biophysical factors. ICES J Mar Sci 71(6):1317–1331. https://doi.org/10.1093/icesjms/fsu126

Article 
    
                    Google Scholar 
                

	Iversen T (1934) Some observations on cod in northern waters - preliminary report. Nor Fish Mar Investig 4(8):35

                    Google Scholar 
                

	Izzo C, Reis-Santos P, Gillanders BM (2018) Otolith chemistry does not just reflect environmental conditions: a meta-analytic evaluation. Fish Fish 19:441–454. https://doi.org/10.1111/faf.12264

Article 
    
                    Google Scholar 
                

	Jakobsen T (1987) Coastal cod in Northern Norway. Fish Res 5:223–234. https://doi.org/10.1016/0165-7836(87)90042-7

Article 
    
                    Google Scholar 
                

	Jochum KP, Scholz D, Stoll B, Weis U, Wilson SA, Yang Q, Schwalb A, Börner N, Jacob DE, Andreae MO (2012) Accurate trace element analysis of speleothems and biogenic calcium carbonates by LA-ICP-MS. Chem Geol 318–319:31–44. https://doi.org/10.1016/j.chemgeo.2012.05.009

Article 
    CAS 
    
                    Google Scholar 
                

	Jónsdóttir IG, Campana SE, Marteinsdottir G (2006) Stock structure of Icelandic cod Gadus morhua L. based on otolith chemistry. J Fish Biol 69:136–150. https://doi.org/10.1111/j.1095-8649.2006.01271.x

Article 
    CAS 
    
                    Google Scholar 
                

	Kerr LA, Campana SE (2014) Chapter eleven—chemical composition of fish hard parts as a natural marker of fish stocks. In: Cadrin SX, Kerr LA, Mariani S (eds) Stock identification methods, 2nd edn. Academic Press, San Diego, pp 205–234. https://doi.org/10.1016/B978-0-12-397003-9.00011-4

Chapter 
    
                    Google Scholar 
                

	Kjesbu OS, Bogstad B, Devine JA, Gjøsæter H, Howell D, Ingvaldsen RB, Nash RDM, Skjæraasen JE (2014) Synergies between climate and management for Atlantic cod fisheries at high latitudes. Proc Natl Acad Sci USA 111:3478–3483. https://doi.org/10.1073/pnas.1316342111

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Knutsen H, Olsen EM, Ciannelli L, Espeland SH, Knutsen JA, Simonsen JH, Skreslet S, Stenseth NC (2007) Egg distribution, bottom topography and small-scale cod population structure in a coastal marine system. Mar Ecol Prog Ser 333:249–255. https://doi.org/10.3354/meps333249

Article 
    
                    Google Scholar 
                

	Knutsen H, Olsen EM, Jorde PE, Espeland SH, André C, Stenseth NC (2011) Are low but statistically significant levels of genetic differentiation in marine fishes ‘biologically meaningful’? A case study of coastal Atlantic cod. Mol Ecol 20:768–783. https://doi.org/10.1111/j.1365-294X.2010.04979.x

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lancaster LT, Morrison G, Fitt RN (2017) Life history trade-offs, the intensity of competition, and coexistence in novel and evolving communities under climate change. Philos Trans R Soc B 372:20160046. https://doi.org/10.1098/rstb.2016.0046

Article 
    
                    Google Scholar 
                

	Langangen O, Farber L, Stige LC, Diekert FK, Barth JMI, Matschiner M, Berg PR, Star B, Stenseth NC, Jentoft S et al (2019) Ticket to spawn: combining economic and genetic data to evaluate the effect of climate and demographic structure on spawning distribution in Atlantic cod. Glob Change Biol 25(1):134–143. https://doi.org/10.1111/gcb.14474

Article 
    
                    Google Scholar 
                

	Leopold P, Renaud PE, Ambrose WG, Berge J (2019) High Arctic Mytilus spp.: occurrence, distribution and history of dispersal. Polar Biol 42:237–244. https://doi.org/10.1007/s00300-018-2415-1

Article 
    
                    Google Scholar 
                

	Lilly GR, Nakken O, Brattey J (2013) A review of the contributions of fisheries and climate variability to contrasting dynamics in two Arcto-boreal Atlantic cod (Gadus morhua) stocks: persistent high productivity in the Barents Sea and collapse on the Newfoundland and Labrador Shelf. Prog Oceanogr 114:106–125. https://doi.org/10.1016/j.pocean.2013.05.008

Article 
    
                    Google Scholar 
                

	Michalsen K, Ottersen G, Nakken O (1998) Growth of North-east Arctic cod (Gadus morhua L.) in relation to ambient temperature. ICES J Mar Sci 55:863–877. https://doi.org/10.1006/jmsc.1998.0364

Article 
    
                    Google Scholar 
                

	Michalsen K, Johansen T, Subbey S, Beck A (2014) Linking tagging technology and molecular genetics to gain insight in the spatial dynamics of two stocks of cod in northeast Atlantic waters. ICES J Mar Sci 71(6):1417–1432. https://doi.org/10.1093/icesjms/fsu083

Article 
    
                    Google Scholar 
                

	Misund OA, Heggland K, Skogseth R, Falck E, Gjøsæter H, Sundet J, Watne J, Lønne OJ (2016) Norwegian fisheries in the Svalbard zone since 1980. Regulations, profitability and warming waters affect landings. Polar Sci 10:312–322. https://doi.org/10.1016/j.polar.2016.02.001

Article 
    
                    Google Scholar 
                

	Mitchelson-Jacob G, Sundby S (2001) Eddies of Vestfjorden, Norway. Cont Shelf Res 21:1901–1918. https://doi.org/10.1016/S0278-4343(01)00030-9

Article 
    
                    Google Scholar 
                

	Morales-Nin B, Geffen AJ (2015) The use of calcified tissues as tools to support management: the view from the 5th international Otolith symposium. ICES J Mar Sci 72:2073–2078. https://doi.org/10.1093/icesjms/fsv15

Article 
    
                    Google Scholar 
                

	Morrongiello JR, Thresher RE (2015) A statistical framework to explore ontogenetic growth variation among individuals and populations: a marine fish example. Ecol Monogr 85:93–115. https://doi.org/10.1890/13-2355.1

Article 
    
                    Google Scholar 
                

	Muckenhuber S, Nilsen F, Korosov A, Sandven S (2016) Sea ice cover in Isfjord and Hornsund, Svalbard (2000–2014) from remote sensing data. Cryosphere 10:149–158. https://doi.org/10.5194/tc-10-149-2016

Article 
    
                    Google Scholar 
                

	Myksvoll MS, Sundby S, Ådlandsvik B, Vikebø FB (2011) Retention of coastal cod eggs in a fjord caused by interactions between egg buoyancy and circulation pattern. Mar Coast Fish 3(1):279–294. https://doi.org/10.1080/19425120.2011.595258

Article 
    
                    Google Scholar 
                

	Myksvoll MS, Sandvik AD, Skarðhamar J, Sundby S (2012) Importance of high resolution wind forcing on eddy activity and particle dispersion in a Norwegian fjord. Estuar Coast Shelf Sci 113:293–304. https://doi.org/10.1016/j.ecss.2012.08.019

Article 
    
                    Google Scholar 
                

	Nakken O, Raknes A (1987) The distribution and growth of Northeast Arctic cod in relation to bottom temperatures in the Barents Sea, 1978–1984. Fish Res 5:243–252. https://doi.org/10.1016/0165-7836(87)90044-0

Article 
    
                    Google Scholar 
                

	Nilsen F, Cottier F, Skogseth R, Mattsson S (2008) Fjord–shelf exchanges controlled by ice and brine production: the interannual variation of Atlantic Water in Isfjorden, Svalbard. Cont Shelf Res 28:1838–1853. https://doi.org/10.1016/j.csr.2008.04.015

Article 
    
                    Google Scholar 
                

	Nilsen F, Skogseth R, Vaardal-Lunde J, Inall M (2016) A simple shelf circulation model: intrusion of Atlantic water on the west Spitsbergen shelf. J Phys Oceanogr 46(4):1209–1230. https://doi.org/10.1175/JPO-D-15-0058.1

Article 
    
                    Google Scholar 
                

	Nordeide JT, Johansen SD, Jørgensen TE, Karlsen BO, Moum T (2011) Population connectivity among migratory and stationary cod Gadus morhua in the Northeast Atlantic—a review of 80 years of study. Mar Ecol Prog Ser 435:269–283. https://doi.org/10.3354/meps09232

Article 
    
                    Google Scholar 
                

	Olsen E, Aanes S, Mehl S, Holst JC, Aglen A, Gjøsæter H (2010) Cod, haddock, saithe, herring, and capelin in the Barents Sea and adjacent waters: a review of the biological value of the area. ICES J Mar Sci 67:87–101. https://doi.org/10.1093/icesjms/fsp229

Article 
    
                    Google Scholar 
                

	Ottersen G, Bogstad B, Yaragina NA, Stige LC, Vikebø FB, Dalpadado P (2014) A review of early life history dynamics of Barents Sea cod (Gadus morhua). ICES J Mar Sci 71:2064–2087. https://doi.org/10.1093/icesjms/fsu037

Article 
    
                    Google Scholar 
                

	Otterå H, Agnalt A-L, Jørstad KE (2006) Differences in spawning time of captive Atlantic cod from four regions of Norway, kept under identical conditions. ICES J Mar Sci 63:216–223. https://doi.org/10.1016/j.icesjms.2005.11.004

Article 
    
                    Google Scholar 
                

	Pavlov AK, Tverberg V, Ivanov BV, Nilsen F, Falk-Petersen S, Granskog MA (2013) Warming of Atlantic Water in two west Spitsbergen fjords over the last century (1912–2009). Polar Res 32:11206
Article 
    
                    Google Scholar 
                

	Peter G (2016) Otoliths as individual indicators: a reappraisal of the link between fish physiology and otolith characteristics. Mar Freshw Res 67:881–888. https://doi.org/10.1071/MF15155

Article 
    
                    Google Scholar 
                

	Reis-Santos P, Tanner SE, Aboim MA, Vasconcelos RP, Laroche J, Charrier G, Pérez M, Presa P, Gillanders BM, Cabral HN (2018) Reconciling differences in natural tags to infer demographic and genetic connectivity in marine fish populations. Sci Rep 8:10343. https://doi.org/10.1038/s41598-018-28701-6

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Renaud PE, Berge J, Varpe Ø, Lønne OJ, Nahrgang J, Ottesen C, Hallanger I (2012) Is the poleward expansion by Atlantic cod and haddock threatening native polar cod, Boreogadus saida? Polar Biol 35:401–412. https://doi.org/10.1007/s00300-011-1085-z

Article 
    
                    Google Scholar 
                

	Rollefsen G (1935) The spawning zone in cod otoliths and prognosis of stock. Serie Havundersøkelser. Fiskeridirektoratets havforskningsinstitutt, Bergen

                    Google Scholar 
                

	Rogers LA, Olsen EM, Knutsen H, Stenseth NC (2014) Habitat effects on population connectivity in a coastal seascape. Mar Ecol Prog Ser 511:153–163. https://doi.org/10.3354/meps10944

Article 
    
                    Google Scholar 
                

	Sunday JM, Bates AE, Dulvy NK (2012) Thermal tolerance and the global redistribution of animals. Nat Clim Change 2:686. https://doi.org/10.1038/nclimate1539

Article 
    
                    Google Scholar 
                

	Sundby S, Nakken O (2008) Spatial shifts in spawning habitats of Arcto-Norwegian cod related to multidecadal climate oscillations and climate change. ICES J Mar Sci 65:953–962. https://doi.org/10.1093/icesjms/fsn085

Article 
    
                    Google Scholar 
                

	Svendsen H, Beszczynska-Møller A, Hagen JO, Lefauconnier B, Tverberg V, Gerland S, Børre Ørbæk J, Bischof K, Papucci C, Zajaczkowski M, Azzolini R, Bruland O, Wiencke C (2002) The physical environment of Kongsfjorden-Krossfjorden, an Arctic fjord system in Svalbard. Polar Res 21:133–166. https://doi.org/10.1111/j.1751-8369.2002.tb00072.x

Article 
    
                    Google Scholar 
                

	Tanner SE, Reis-Santos P, Cabral HN (2016) Otolith chemistry in stock delineation: a brief overview, current challenges and future prospects. Fish Res 173:206–213. https://doi.org/10.1016/j.fishres.2015.07.019

Article 
    
                    Google Scholar 
                

	Thorisson K, Jonsdottir IG, Marteinsdottir G, Campana SE (2011) The use of otolith chemistry to determine the juvenile source of spawning cod in Icelandic waters. ICES J Mar Sci 68:98–106. https://doi.org/10.1093/icesjms/fsq133

Article 
    
                    Google Scholar 
                

	Thorrold SR, Latkoczy C, Swart PK, Jones CM (2001) Natal homing in a marine fish metapopulation. Science 291:297–299. https://doi.org/10.1126/science.291.5502.297

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vander Putten EV, Dehairs F, Keppens E, Baeyens W (2000) High resolution distribution of trace elements in the calcite shell layer of modern Mytilus edulis: environmental and biological controls. Geochim Cosmochim Acta 64:997–1011. https://doi.org/10.1016/S0016-7037(99)00380-4

Article 
    
                    Google Scholar 
                

	Vikebø F, Sundby S, Ådlandsvik B, Fiksen Ø (2005) The combined effect of transport and temperature on distribution and growth of larvae and pelagic juveniles of Arcto-Norwegian cod. ICES J Mar Sci 62:1375–1386. https://doi.org/10.1016/j.icesjms.2005.05.017

Article 
    
                    Google Scholar 
                

	Wiedmann MA, Primicerio R, Dolgov A, Ottesen CAM, Aschan M (2014) Life history variation in Barents Sea fish: implications for sensitivity to fishing in a changing environment. Ecol Evol 4:3596–3611. https://doi.org/10.1002/ece3.1203

Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wiencke C, Hop H (2016) Ecosystem Kongsfjorden: new views after more than a decade of research. Polar Biol 39:1679–1687. https://doi.org/10.1007/s00300-016-2032-9

Article 
    
                    Google Scholar 
                

	Wright PJ, Regnier T, Gibb FM, Augley J, Devalla S (2018) Assessing the role of ontogenetic movement in maintaining population structure in fish using otolith microchemistry. Ecol Evol 8:7907–7920. https://doi.org/10.1002/ece3.4186

Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yaragina NA, Aglen A, Sokolov KM (2011) Cod. In: Jakobsen T, Ozhigin VK (eds) The Barents Sea: ecosystem, resources, management half a century of Russian-Norwegian cooperation. Tapir Academic Press, Trondheim, pp 225–270

                    Google Scholar 
                


Download references




Acknowledgements
This work was partially financed by the Fram Center flagship “Climate Change in Fjord and Coast” though the project “Effects of climate on cod life history and ecology along a temperate-arctic gradient” and Akvaplan-niva AS. MLC was supported in part by “ARCEx – The Research Centre for ARCtic Petroleum Exploration” funded by the Research Council of Norway (Project #228107) together with 10 academic and 8 industry partners. Thanks to Paul Renaud for his support carrying out the ANOSIM tests.


Author information
Authors and Affiliations
	Akvaplan-niva AS, Fram – High North Centre for Climate and the Environment, Langnes, Postbox 6606, 9296, Tromsø, Norway
Hector Andrade & Michael L. Carroll

	Wildlife Ecology and Conservation Group, Wageningen University, P.O. Box 47, 6700 AA, Wageningen, The Netherlands
Peter van der Sleen

	Laboratory of Tree-Ring Research, University of Arizona, 1215 E Lowell St, Tucson, AZ, 85721, USA
Bryan A. Black

	Institute of Marine Research, Nordnes, P.O box 1870, 5817, Bergen, Norway
Jane A. Godiksen

	Department of Biology, Bates College, 44 Campus Avenue, Carnegie Science Hall, Lewiston, ME, 04240, USA
William L. Locke V

	School of the Coastal Environment, Coastal Carolina University, P.O. Box 261954, Conway, SC, 29528-6054, USA
William G. Ambrose Jr.

	Department of Life Sciences, Imperial College London, Imperial College Road, London, SW7 2AZ, UK
Audrey Geffen

	Department of Biological Sciences, University of Bergen, PO Box 7803, 5020, Bergen, Norway
Audrey Geffen


Authors	Hector AndradeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter van der SleenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bryan A. BlackView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jane A. GodiksenView author publications
You can also search for this author in
                        PubMed Google Scholar



	William L. Locke VView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael L. CarrollView author publications
You can also search for this author in
                        PubMed Google Scholar



	William G. Ambrose Jr.View author publications
You can also search for this author in
                        PubMed Google Scholar



	Audrey GeffenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hector Andrade.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Electronic supplementary material

Below is the link to the electronic supplementary material.
Supplementary file1 (XLSX 32 kb)

Supplementary file2 (DOCX 18 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Andrade, H., van der Sleen, P., Black, B.A. et al. Ontogenetic movements of cod in Arctic fjords and the Barents Sea as revealed by otolith microchemistry.
                    Polar Biol 43, 409–421 (2020). https://doi.org/10.1007/s00300-020-02642-1
Download citation
	Received: 14 May 2019

	Revised: 27 February 2020

	Accepted: 29 February 2020

	Published: 06 April 2020

	Issue Date: May 2020

	DOI: https://doi.org/10.1007/s00300-020-02642-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Life history
	Svalbard
	Migration
	Micro elemental composition
	LA-ICP-MS
	Gadus morhua









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.239.56.174
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    